We report a theoretical study of the noise properties of an ultrasmall resonant-tunneling structure.
In recent years, there has been great interest in transport properties of resonant-tunneling (RT) structures.
Besides applications based on the negative differential resistance, the physics of RT structures has been extensively studied. 
where 0. is the x component of the Pauli-spin matrix, 
where F(co) is the Fermi-Dirac-type distribution function introduced by Chen and Ting, ' for the case with I =I2. In the derivation, we have assumed, for simplicity, that the resonant-level width y, which equals yL+yR due to the tunneling, is independent of the frequency.
In Fig. 1 , we plot S;(Q) with Q=0 as a function of the symmetry factor R = yR /yL. Three cases are considered: (i) the noninteracting system biased in the resonant-tunneling region, with E, and U taken to be zero, (ii) the interacting system biased with I =I, , and (iii) the interacting system biased with I =I&. Our calcu-lation in the noninteracting case reproduces the result of Chen and Ting for the large-area RT structure. " For the interacting cases, U is assumed to be much larger than y, and is taken specifically to be 100y. By summing the distribution functions over the broadened resonant level, we obtain the particle number of the well n =2yL /y, 2yL /(2yI +yz ), and 2yI /y, respectively, for the three cases. In the limit where R ))1, the structure becomes asymmetric and the density n approached zero in all cases. In such a limit, the double-barrier structure reduces to a single-barrier structure, and the tunneling current is solely determined by the tunneling rate across the emitter barrier. So the shot noise becomes full with 5;(Q=O)=2e(I). *To whom all correspondence should be sent.
